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1
GAS TUNGSTEN ARC WELDING WITH
CROSS AC ARCING TWIN WIRES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of China
application no. 201310105174 X, filed on Mar. 28, 2013. All
disclosure of the China application is incorporated herein by
reference herein and made a part of this specification.

FIELD OF THE INVENTION

This invention relates to arc welding, and more particu-
larly to gas tungsten arc welding, gas metal arc welding and
their variants.

BACKGROUND OF THE INVENTION

Welding technology, which occupies a pivotal position in
the manufacturing industry, has been widely used in energy
power, transportation, aerospace, marine engineering, heavy
machinery and other industries and has become an indis-
pensable manufacturing technology to modern industry.
With the rapid development of the national economy, the
application of welded products in various sectors of national
economy is becoming wider and wider. Replacing welding
for riveting, forging, and casting has made welding the
dominant method for joining in materials processing and
manufacturing. With increasingly high demand on produc-
ing high quality welded-products efficiently, traditional
welding methods are facing increasing challenges. Highly
efficient welding methods are needed to improve welding
productivity and weld quality. In recent years, new welding
methods have emerged, including high energy laser beam
welding, electron beam welding, laser—arc hybrid welding,
solid-state welding (Linear friction welding, friction stir
welding, etc.). At present, although the welding workload in
our country has reached the level as the world leader, our
welding efficiency is far lower than those in developed
countries. The low degree of automation and lack of efficient
welding methods and their implementations are part to
claim. Therefore, research and promotion of efficient weld-
ing processes and technologies are urgent to improve the
competiveness of our manufacturing industry.

Arc welding is a traditional welding method which con-
verts electrical energy into heat energy through the arc
process to melt the wire (electrode) or the work-piece to join
metals. Arc welding in essence is a heat transfer, mass
transfer, and power transmission process. It is a combination
of heat, mass and force transmissions. To produce quality
welds, such a complex combination must ensure the stability
of the arc under challenging operating conditions. With the
increased demand on the welding speed, the welding current
must be increased in order to improve the melting rate of the
wire, i.e., to improve the welding productivity, while reduc-
ing the heat input on the work-piece to avoid high-speed
associated weld defects. Unfortunately, traditional arc weld-
ing processes possess inherent limitation to achieve the
desired free control on or free combination of heat input,
deposition rate (melting speed) and arc forces acting on the
molten pool. The formation and quality of the welds are
inevitably affected by undesirable combinations of heat
transfer, mass transfer and force transmission. It is thus
difficult to guarantee that the welding process would best
meet the requirements from various applications. Therefore,
efficient welding methods, which apply an automatic control
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and adjustment of the welding process energy to improve the
efficiency of deposition and welding speed while reducing
the heat input has become a trend for the development of
modern new welding technologies.

Gas tungsten arc welding (GTAW) is a widely used
welding process for metal joining Its arc is established
between the tip of the non-consumable tungsten electrode
and the work-piece with a shielding gas applied to protect
the arc and the weld pool area. GTAW can be used in the
welding of a wide variety of metals. It is typically used for
root passes on pipes and thin gauge materials. Its arc is very
stable and can produce high-quality and spatter-free welds
without requiring much post-weld cleaning. A typical
GTAW system consists of a power supply, a water cooler, a
welding torch, cables, etc. For most its applications, direct
current electrode negative (DCEN) polarity is used and
approximately 70% of the arc heat is applied into the
work-piece. Opposite to the direct current electrode positive
(DCEP) polarity, the DCEN polarity produces a relatively
narrow and deep weld.

However, after the root pass, significant amount of metal
is typically needed to fill the groove. Unfortunately, for
GTAW, the efficiency to add filler metal into the groove is
relatively low. In particular, GTAW currently relies on two
most commonly used approaches to fill the metal from the
wire: cold wire GTAW process and hot wire GTAW process.
In the cold wire GTAW process, the filler wire is directly
added as is. To melt the wire faster, in the hot wire GTAW,
the filler wire is pre-heated by a resistive heat while it is
being fed into the weld pool. This resistive heat is generated
by a separate current (typically an alternating-current (AC))
supplied to the filler wire that flows from the wire directly
into the weld pool. The current is properly adjusted so that
ideally the temperature of the filler wire can reach its melting
point as soon as it enters the weld pool. In comparison with
the cold wire GTAW, the hot wire GTAW process is more
complicated and has a higher cost with the additional power
supply, but it can provide a higher deposition rate.

Despite the increased temperature of the filler wire when
it enters into the weld pool, the wire melting is still finished
by the heat generated from the weld pool during the hot wire
GTAW process. That is, part of the heat used to melt the filler
wire is essentially absorbed from the weld pool. To melt the
wire faster, the arc would have to establish a larger weld
pool. Increasing the melting or deposition rate is thus at the
expense of an increased weld pool. The arc energy and
deposition rate are thus coupled. This coupling reduces the
process controllability to provide desirable arc energy and
deposition rate freely to meet the requirements from differ-
ent applications. In addition, for overhead welding where the
maximal mass of the weld pool is restricted this coupling
also directly reduces the amount of the filler metal that can
be added each pass. The productivity is thus directly reduced
because of this coupling or undesirable process controlla-
bility.

Gas metal arc welding (GMAW) is another widely used
arc welding process that can melt the wire highly effectively
using an arc spot. If this process is used to melt the wire to
deposit metal into the groove, the melting speed can be
sufficient. However, in GMAW, the work-piece and wire has
the same current. The effective energy consumed on melting
wire and that directly applied on the work-piece as addi-
tional heat input, where the anode and cathode voltage
respectively, hence, wire is deposited at the expense of
additional heat which may not be needed by the work-piece.
Part of this additional energy becomes a waste. It increases
the distortion and material property degradation. This inven-
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tion thus devices a method to increase this ratio which is
referred to as the energy efficiency for deposition applica-
tion.

SUMMARY OF THE INVENTION

In order to improve welding process capabilities, this
patent invents a new welding method, namely Gas Tungsten
Arc Welding with cross AC arcing twin wires. This new
method possesses excellent feasibilities and controllabilities
for flexible controls on arc behavior, melting speed of wires
and heat input needed to achieve free combination of heat,
mass, and force into/onto the work-piece. In order to achieve
the above objectives, the present invention presents follow-
ing technical solutions: 3

A new welding method using a gas tungsten arc (or PA)
with a pair of wires being melted by an inter-wire arc
comprising: a gas tungsten arc (or PA) as the main arc
between the tungsten and work-piece; the inter-wire arc
between the two wires; the inter-wire arc is under the main
arc; the main arc and the inter-wire arc cross each other.

The method comprises: establishing a main arc between
the tungsten and work-piece to melt the work-piece using an
arc terminal; establishing and maintaining an inter-wire arc
between the wires to melt the wires using another arc’s
terminals. The main arc between the tungsten and the
work-piece is established first; another arc is then estab-
lished between the wires within the main arc with the current
be supplied by a power supply whose terminals are con-
nected to the two wires respectively. The welding is per-
formed by two separate cross arcs.

The method uses a CC current power supply to provide
the inter-wire current; the current of the main arc between
the tungsten and work-piece is provided by another CC
power supply.

The method uses an AC power supply to provide the
inter-wire current; adjusts the AC current waveform to
adjust the melting speeds for any of the two wires. The
method adjusts the AC current waveform to maintain a
stable inter-wire arc: monitoring the voltages between the
two wires, between wire I and work-piece, and between wire
1T and work-piece; assigning two values to define the normal
range for each corresponding voltage; using these two
values to define the state for the corresponding voltage;
using the states of all the voltages to determine if the process
is abnormal, if the waveform parameters need to be changed,
and how the waveform parameters should be changed.

This welding method differs from all conventional arc
welding methods with fundamental distinction in its cross
and controllable arcs. The work-piece receives the heat from
the arc through an arc spot. In the invented method, one the
cross arcs are established, only the main arc imposes an arc
spot on the work-piece. It is thus the main arc that controls
the heat input into and penetration on the work-piece. The
two spots of the inter-wire arc are in the two wires and only
melt these two wires. The direct heat input from the inter-
wire arc onto the work-piece is thus insignificant. The
invented cross-arc welding method can thus realize high
deposition with low heat input into the work-piece.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the cross-arc welding system.

FIG. 2 demonstrates the feeding of the two wires.
FIG. 3 illustrates the AC current waveform.

FIG. 4 details the principle of the cross-arc system.

10

15

20

25

30

35

40

45

50

55

60

4

101, GTAW (PAW) torch, 102, the main arc, 103, the
inter-wire arc, 104, wire I, 105, wire II, 106, AC welding
power, 107, two wire angle, 108, work-piece, 109, the wire
current, 110, GTAW (PAW) power, 111, the distance
between the two wires, 112, the speed of wire I, 113, the
speed of wire II, 114, wire feeder I, 115, wire feeder 11, 116,
the peak time of the positive pulse current, 117, the peak
time of the negative pulse current, 118, the peak current of
the positive pulse current, 119, the peak current of the
negative pulse current, 120, two wires cross point, 121, the
distance between cross-point and work-piece, 122, the dis-
tance between wire I tip and the work-piece, 123, the
distance between wire II tip and the work-piece.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The tungsten 101 establishes a gas tungsten arc (or PA)
102 with the work-piece 108. Wire 1 104 and wire 11 105 are
fed into the GTA (or PA) 102 environment from opposite
sides. Wire I 104 and wire II 105 are connected to an
alternate-current (AC) power supply 106. The extensions of
the two wires form a crossing angle §=2c. 107 where a is the
angle of each wire with the tungsten 101.

The distance between the extensions of the two wires is d;
111. Due to the GTA (or PA), the wires are not insulated and
ionized plasma exists in the gap defined by d, 111. An arc,
i.e., the inter-wire arc 103, can be established if the AC
power supply 106 supplies a non-zero wire current Iw 109.
The anode and cathode of this inter-wire arc 103 will melt
the two wires 104 and 105. As a result, almost all the energy
supplied by the inter-wire arc 103 will be consumed on
melting the wires without energy be wasted. In addition, the
wires can be melted at any reasonably high speeds by
increasing the wire current 109.

Two wire feeders 114 and 115 feed the two wires 104 and
105 at the same nominal speed but the actual speeds v, 112
and v, 113 may be different. Since the two wires have the
same current Iw, but different arc spot voltages (one for the
anode and another for the cathode), the wire current Iw
needs to be AC such that the arc spots will alternate on the
two wires to keep their melting speeds approximately the
same.

The waveform of the AC power supply will be adjustable.
The current Iw 109 has a positive amplitude I,,, 118 with a
duration t,; 116 and a negative amplitude 1,, 119 with a
duration t,,, 117. The adjustability implies the possibility for
unequal 1,, and I, and for unequal t,, and t,,. It further
implies that all of these can be adjusted in real-time. To
maintain the inter-wire arc to be stable, these parameters
may need to be adjustable.

The method reduces the precision on the joint preparation
including joint gap and groove. All the torches are placed in
the same side of the work-piece with the GTWA torch above
the two wires being fed into the main arc from opposite sides
by two welding feeders. The installation parameters need to
be carefully adjusted to ensure the two arcs to cross each
other. The welding torch, wires and work-pieces are respec-
tively connected to the corresponding circuit loop. The
welding parameters in each loop can be appropriately
selected to meet the requirements by the needed cross arcs.

First, adjust the parameters of the main arc and the
inter-wire arc, then the main arc is established between the
torch and the work-piece, when the main arc is stable, the
inter-wire arc is established between the wires. In the
invention the heat input of the work-piece is controlled by
the main arc, the deposition is controlled by the inter-wire
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arc, two arc parameters can be adjusted separately. The
invention get implemented a free combination of welding
heat input, force and metal transfer.

Now the average power adjustment is discussed. Keep the
convention to use wire I as the reference to define the sign
for the wire current. That is, a positive I, implies wire I as
the anode and wire II as the cathode. Since the waveform for
the wire current is defined by four parameters, the average
powers for the two wires can be independently adjusted.

Hence, the average power on wire 1 is

_ it Vo + Ipipp Ve

Ipl +1Ip2

The average power on wire Il is

_ Iptpp Vo + 11, Ve

o1 + Ip2

Maintaining a stable inter-wire arc requires the wire
melting speed equals the feeding speed in accumulation.
Referring to FIG. 4, this requires the two wire tips are
approximately at the crossing point 120. The distance from
the crossing point 120 to the work-piece 108 is d, 121.
Hence, the distances from each wire to the work-piece, i.e.,
1, 122 and 1, 123 need to be both equal to d, 121.

A practical method is needed to monitor these distances in
addition to the inert-wire distance d,. To this end, the voltage
between wire | 104 and work-piece 108 is Vz,,, the voltage
between wire II 105 and work-piece 108 is V., the voltage
between wire [ 104 and wire 11 105 is V. which can be
measured and be used to determine the stability of the
inter-wire arc. To this end, three characteristic values are
defined for each voltage. These three characteristic values
define 3 states.

TABLE 1

The values of Vzp, Vi and Vp -

0 Min V Max V
Vace 0 24V 50V
Vap 0 12V 25V
Veo 0 12V 25V

(1) Vper 0, minVpe, maxVpe. Short-circuit state: Ve = 0; low voltage state: 0 < Vpe <
minVpe; normal voltage stage: minVpe < Vpe < maxVpe; high voltage state: Vpe >
maxVpc. Here [minVpe, maxVpc] defines the normal desirable range for the inter-wire
voltage Ve, thus the normal range for the inter-wire distance.
(2) Vgp: 0, minVpp, maxVpp. Short-circuit state: Vpp = 0; low voltage state: 0 < Vpp <
minVpp; normal voltage stage: minVpp = Vpp < maxVpp; high voltage state: Vpp >
maxVpgp. Here [minVzp, maxVpp] defines the normal desirable range for the voltage Vpp
between wire 1 and work-piece, thus the normal range for the distance 1;.
(3) Vep: 0, minVep, maxVep. Short-circuit state: Vep = 0; low voltage state: 0 < Vep <
minVp; normal voltage stage: minVep < Vep < maxVep; high voltage state: Vep >
maxV¢p. Here [minVp, maxVep] defines the normal desirable range for the voltage Vep
between wire 2 and work-piece, thus the normal range for the distance L.

Short-circuit is an extreme state. If there is no any
short-circuit state for any of the three voltages, the states can
be used to determine how the process deviates from the
desirable range and how the welding parameters need to be
adjusted to maintain a stable inter-wire arc. To this end, write
the voltages into a vector V=(Vz., Vz,, Vp). To be
concise, for each state, “voltage state” is dropped and only
the keywords, low, normal or high, are kept.

When the inter-wire voltage is low or normal, there will
be the following 9 states:

(1) V=(low or normal, low, low) indicates a small or

normald,, asmall d,, and a small 1,. For small d, (small
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6

inter-wire distance), nothing needs to be adjusted as
long as d, is not continuously zero. Hence, “low” and
“normal” can be grouped together for the voltage
representing the inter-wire distance. For a small 1, wire
I needs to be melt faster. This can be done by increasing
the average power on wire 1, i.e., P,. For a small 1,, wire
1I needs to be melt faster. This can be done by increas-
ing the average power on wire 11, i.e., P,. The method
to independently adjust P, and P, will be introduced
later.

(2) V=(low or normal, normal, low) indicates a small or
normal d,, a normal 1,, and a small 1,. In this operation
state defined by V, P, needs no changes but P, needs to
be increased to melt wire II faster.

(3) V=(low or normal, normal, normal) indicates a small
or normal d,, a normal 1, and a normal 1,. In this
operation state defined by V, no changes are needed.

(4) V=(low or normal, normal, high) indicates a small or
normal d,, a normal 1,, and a large 1,. In this operation
state defined by V, P, needs no changes but P, needs to
be decreased to melt wire II slower.

(5) V=(low or normal, low, normal) indicates a small or
normal d,, a low 1, and a normal 1,. In this operation
state defined by V, P, needs no changes but P, needs to
be increased to melt wire I faster.

(6) V=(low, high, normal) indicates a small or normal d,,
ahigh 1, and a normal 1,. In this operation state defined
by V, P, needs no changes but P, needs to be decreased
to melt wire I slower.

(7) V=(low or normal, low, high) indicates a small or
normal d, alow 1,, and a high 1,. In this operation state
defined by V, P, needs to be increased to melt wire 1
faster and P, needs to be decreased to melt wire II
slower.

(8) V=(low or normal, high, high) indicates a small or
normal d,, a high 1, and a high 1,. In this operation state
defined by V, both P, and P, need to be decreased to
melt wires slower.

(9) V=(low or normal, high, low) indicates a small or
normal d,, a high 1, and a low 1,. In this operation state
defined by V, P, needs to be decreased to melt wire [
slower and P, needs to be increased to melt wire II
faster.

The above 9 operation states defined by the value of
vector V are considered normal operation states without
extreme conditions. The controls needed are summarized in
Table 2.

TABLE 2

Control Actions under Normal Operation States
with Low or Normal Inter-wire Voltage*

Vep = low V¢p = normal Vep = high
Increase P,
decrease P,
Decrease P,

Decrease P, and P,

Increase P, and Increase P,
b,

Increase P,
Decrease P,
increase P,

Vep = low

No change
Decrease P,

V¢p = normal
Vp = high

*Vpe = low and normal and Vpp=0, Vep=0.

When the inter-wire voltage is high, there will be the
following four states:

(1) V=(High, low or normal, low or normal) indicates that
the two wires have crossed or very close to cross and
the high inter-wire voltage is caused by the large
distance between wires. In this case, the torch align-
ment is needed.
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(2) V=(High, high low or normal) indicates that the two
wires have not crossed or very close to cross due to the
large distance from wire I to the work-piece. In this
case, P, needs to be decreased to melt wire I slower.

(3) V=(High, low or normal, high) indicates that the two
wires have not crossed or very close to cross due to the
large distance from wire II to the work-piece. In this
case, P, needs to be decreased to melt wire II slower.

(4) V=(High, high, high) indicates that the two wires have
not crossed or very close to cross due to the large
distance from wire II to the work-piece and the large
distance from wire II to the work-piece. In this case,
both P, and P, need to be decreased to melt wire I and
wire II slower.

TABLE 3

Diagnosis and Controls under High Inter-Wire Voltage with No
Short-Circuit

Vep = low or normal Vi = high

Decrease P, increase P,
if Vgp = low

Decrease P, and P,

Inter-wire distance

d, too large

Decrease P,, Increase
P, if Vzp = low

Vzp = low or normal

Vup = high

*Vpe = high, Vpp=0, Vp=0.

When the inter-wire voltage is zero,

(1) V=(zero, zero, zero) indicates that two wires both
touch the work-piece. Both P, and P, need to be
increased to melt the wires faster. If increasing P, and
P, does not change the state, the operation is abnormal;
if the state is changed, the control and diagnosis will be
processed based on the new state.

(2) V=(zero, zero, non zero) indicates that the inter-wire
distance is zero and wire I touches the work-piece. This
state will be abnormal because of the zero inter-wire
distance.

(3) V=(zero, non zero, zero) indicates that the inter-wire
distance is zero and wire II touches the work-piece.
This state will be abnormal because of the zero inter-
wire distance.

(4) V=(zero, non zero, non zero) indicates that the inter-
wire distance is zero. This state will be abnormal
because of the zero inter-wire distance.

TABLE 4

Diagnosis and Control under Zero Inter-Wire Voltage Condition*

Vep = Zero Vep = Non Zero

Vap = Zero
Vzp = Non Zero

Increase P, and P, Inter-wire distance d; = 0
Inter-wire distance d;, = O Inter-wire distance d; = 0

*Vpc=0
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What is claimed is:
1. A method for gas tungsten arc welding, comprising:
providing a non-consumable tungsten, a work-piece, a
first consumable wire and a second consumable wire;

generating a gas tungsten arc as a main arc between the
non-consumable tungsten and the work-piece by pro-
viding a first power supply therebetween;

generating an inter-wire arc between the first and second

consumable wires by providing a second power supply
therebetween;

wherein the inter-wire arc is located between the non-

consumable tungsten and the work-piece and passes a
central axis between a tip of the non-consumable
tungsten and a welding spot on the work-piece, and the
first and second consumable wires are not electrically
wired to the non-consumable tungsten.

2. The method in claim 1, wherein the first and second
consumable wires have their crossing point at which they
have the shortest distance under the main arc.

3. The method in claim 1, wherein the first and second
consumable wires are fed from opposite directions toward
the main arc.

4. The method in claim 1, wherein the non-consumable
tungsten is held by a gas tungsten arc (GTAW) or plasma arc
welding (PAW) welding torch.

5. The method in claim 1, wherein an inter-wire current
between the first and second consumable wires is provided
by the second power supply which is a constant-current
power supply or constant-voltage power supply.

6. The method in claim 1, wherein, in use, the main arc
between the non-consumable tungsten and the work-piece is
established first for melting the work-piece and, then, the
inter-wire arc between the first and second consumable
wires is established for melting the first and second con-
sumable wires.

7. The method in claim 1, comprising:

providing an AC power supply as the second power

supply between the first and second consumable wires
to form an inter-wire current;

adjusting waveform of the AC power supply to adjust

melting speed of any of the first and second consum-
able wires.

8. The method in claim 1, wherein the inter-wire arc is
completely located within the main arc and symmetrically
distributed around the central axis.

9. The method in claim 1, wherein the first and second
consumable wires are symmetrically positioned at opposite
sides of the main arc around the central axis.

10. The method in claim 1, wherein the first and second
consumable wires have the same current.

11. The method in claim 10, wherein the current of the
first and second consumable wires is an AC current.
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